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(Received for publication October 1, 1993, and in revised form January 10, 1994)

Abstract

Introduction

X-ray microanalysis of non-biological and biological
specimens was carried out in an environmental scanning
electron microscope (ESEM) over a range of atmospheric conditions. Introduction of water vapour into the
specimen chamber lead to direct X-ray contribution from
oxygen atoms, an increase in extraneous background
(causing reduced P/B ratios of other elements), X-ray
absorption (also reducing P/B ratios) and broadening
(skirting) of the electron beam. Similar results were
obtained after introduction of an argon atmosphere.
These effects were reduced under conditions of minimal
chamber atmospheric pressure and maximal accelerating
voltage.
Because of beam skirting, quantitative X-ray
microanalysis of biological specimens in a water vapour
atmosphere was only valid where the sample was spread
over a wide area (leading to mean elemental values for
the whole preparation). Unless appropriate correction
factors or changes in instrumentation can be implemented, quantitative analysis of wet specimens in ESEM
cannot be applied to discrete specimens or to limited
areas within a mixed sample.

The recent development of the environmental
scanning electron microscope (ESEM) enables both
materials science (Lange et al., 1991; Mehta, 1991) and
biological specimens to be examined and analysed in the
wet state, at temperatures ranging from 100°C down to
freezing point. In biology, the ESEM has now been used
for a variety of studies, including pollen-stigma interactions (Wallace et al., 1992), plant pathology (O'Brien et
al., 1992), biofilms (Little et al., 199la,b) and protozoa
(Abraham et al., 1992). A full bibliography of environmental scanning electron microscopy is provided by
Danilatos (1993a).
The ESEM operates by having a controlled atmosphere in the immediate vicinity of the specimen, which
is separated from the high vacuum of the column by
differential pumping through a series of apertures
(Danilatos, 1991, 1993b). The atmosphere of the
specimen environment is controlled by the introduction
of water vapour, and is adjusted at a particular temperature (dew point) to maintain equilibrium between the
processes of evaporation and condensation at the specimen surface. The presence of water vapour around the
specimen is not only important to maintain the wet state
of the biological preparation, but is also essential for
image formation. Electrons emitted from the surface of
the specimen are amplified by interaction with the water
vapour molecules, causing large scale ionisation and
resulting in a cascade of charge being received by the
environmental secondary electron detector (Danilatos,
1990a). The presence of water vapour at the surface of
the specimen also prevents localised charging, eliminating the need for coating the specimen with conductive
material.
The application of X-ray microanalysis to the
environmental system raises the possibility of determining the elemental composition of biological specimens in
the fresh (wet) state, without any of the conventional
preparative procedures such as quench freezing, freezedrying and carbon coating (Sigee et al. 1993). This
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approach clearly has a number of potential problems,
including specimen changes under the electron beam and
the effect of the atmosphere on the generation and
collection of X-rays.
The experiments reported in this paper were designed to investigate the second of these problems, and
to consider two specific aspects - beam skirting and Xray contribution from the atmosphere. The broadening
of the primary electron beam (beam skirting) due to
scatter by atmospheric molecules has been well documented (Danilatos, 1990b, 1993b), but the implications
of this for analysis of wet specimens have not been
investigated. The possible generation of X-rays from
chamber atmosphere has not been clarified, and there
has been some suggestion that this does not occur
(Anon., 1992). Such X-rays would include characteristic
and continuum emissions, affecting both the qualitative
and quantitative assessment of specimen eiemental
composition. In addition to these aspects, the results
obtained also provided preliminary information on X-ray
absorption by atmosphere gases. Studies involved the use
of both inorganic and biological specimens, with cultures
of the blue-green alga Anabaena providing previously
characterised (Clay et al., 1991) and readily available
material for the bio-preparations.

normally maintained at 2-4 °C, using a Peltier-cooled
stage. With the microscope adjusted to the analytical
mode, visualisation of the specimen was carried out with
the environmental secondary electron detector at a
working distance of 13mm.
X-ray microanalysis was carried out with a l0kV or
20kV electron probe, over a livetime of 100s. Specimens
were analysed either in spot mode or (more usually)
over a full field of view (normally 500-2000J.!m2 ). Count
rate was typically 1-2 xl0' cps. P/B ratios were determined, using background under the characteristic peak.

Results

Non-biological specimen
A non-biological specimen was initially used to
determine the effects of atmospheric contribution and
electron skirting on X-ray emission spectra, under
defined conditions. The system used is shown in Fig. 1,
and comprised a layer of carbon DAG spread over a
Whatman filter membrane, with a copper grid as target
for the skirting experiment.

Atmospheric contribution
The effect of introduction and increased levels of
atmospheric gas was investigated by collection of X-rays
from carbon DAG as shown in Fig. 1 (but without the
Cu target). X-ray emission spectra at high vacuum (no
atmosphere) showed major peaks of C and 0, with no
other major elements.
Introduction of water vapour into the specimen
chamber (Fig. 2) resulted in a non-linear rise in the
oxygen signal and a corresponding decrease in the level
of C. The P/B ratio for O showed a significant (based
on standard error of mean) increase from 0.38 at high
vacuum to 0.74 at 0.5 torr, with a further small rise up
to 5 torr. The P/B ratio for C decreased slightly over the
sequence, from a value of 1. 75 at high vacuum to 1.61
at Storr. Introduction of water vapour also resulted in an
increase in continuum, as shown by using the continuum
under C and O peaks as an index of overall levels. The
added C and O values (expressed as X-ray count over
the 100s livetime) increased from a mean value of
approximately 27 x 1()3 at high vacuum to 32 x 1()3 (1
torr), 45 x 1()3 (3 torr) and 39 x 10' (5 torr) in the
presence of an atmosphere. The increase in continuum
was also indicated by a rise in X-ray count rate over this
sequence of atmospheric changes.

Materials and Methods
Specimen preparation
Inorganic specimens were prepared by mounting
Carbon DAG (DAG 580 - Acheson Colloids Co.)and a
copper grid onto Whatman filter membrane (0.2 J.!m
pore size, Whatman Ltd) as described in the results
section (see Figs. 1,8).
For the biological preparation, Anabaena cyclindrica
(ex. Cambridge Culture Collection) was grown in BG 11
medium (Stanier et al., 1971). Cultures were double
washed in distilled water (with centrifugation at
200 x G) and deposited directly onto Whatman filter
membranes. Preparations were either examined and
analysed directly in the wet state, or were freeze-dried
in a Edwards tissue drier without subsequent coating.
Microscopy and analysis
Studies were carried out using an environmental
scanning electron microscope (Electroscan Ltd.) fitted
with a LINK Pentafet atmospheric thin window detector.
Geometry of the detector was as follows - take-off angle
(20°), sample to detector distance (15mm), size of
crystal (10mm 2) and solid angle (13 °). Specimen chamber pressure ranged from high vacuum (10 5 torr) to
approximately 5 torr, with either a water or argon
atmosphere. The temperature of the specimen stage was

Electron skirting
Electron skirting around the central probe at different atmospheric levels was tested by placing the carbonDAG probe area at different distances from the Cu
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sample.
target (Fig. 1) and measuring the Cu signal.
Most data were obtained at distances of 200-S00µm
from the Cu target (Fig. 3). At high vacuum, no Cu
peak was detected at these distances (Fig. 4a) - and was
only seen when the probe area was very close (e.g.,
Sµm) to the Cu target. Clear Cu peaks were always
detected over the 200-S00µm range at 1 and Storr (Fig.
3, 46), indicating a clear skirting effect in the presence
of an atmosphere. Fig. 3 shows that the Cu signal (and
thus the skirting effect) is more pronounced the closer
the target is to the probe area, is greater at 5 torr
compared to 1torr and is enhanced at an accelerating

voltage of 10 kV compared to 20 kV.
As with the previous experiment, the oxygen signal
showed a substantial increase from high vacuum to
ltorr, with a further slight increase up to
5 torr (Fig. 5). At both 10 kV and 20 kV, the oxygen
P/B ratio was typically reduced with closer proximity to
the Cu target. Unlike the previous experiment, the
carbon P/B ratio showed a sharp reduction with introduction of atmospheric water vapour (Fig. 6).
Biological specimens
The appearance of wet biological preparations in
ESEM depends on a number of factors, including the
working distance (final lens to specimen) and vapour
pressure in the specimen chamber - as shown for
preparations of Anabaena in Fig. 7. With the specimen
at 2 ° C, a vapour pressure of 1 torr leads to net evaporation from the specimen, with loss of free surface water
and full exposure of cellular detail (Fig. 7a). At 5 torr
(Fig. 76) there is net condensation, and cells are now
largely obscured within a film of free surface water. At
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this vapour pressure and long working distance (13 mm)
image is also limited by the limited collection of secondary electrons and (more importantly) due to the extremely low intensity of the useful (imaging) probe (totally
unscattered beam at the centre of the skirt). The intensity of this central spot decreases exponentially with
pressure and distance, and optimal imaging is normally
carried out at a working distance of 6 mm, which gives
satisfactory results at 5 torr and above.
As a model system for biological preparations,
samples of Anabaena were deposited on Whatman filter
membranes and analysed in the freeze-_driedor wet state
under different atmospheric conditions. These preparations were normally analysed over randomly-selected
areas in which X-rays would be generated from A11abae11acells, extraneous mucilage and regions of support
membrane. The X-ray emission information obtained
from these preparations in the presence of an atmosphere
depended on whether the biological sample was discrete
(i.e., restricted in area) or continuous.
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Discrete sample - freeze-dried Anabaena.
A small volume of Anabaena suspension was
deposited on a Whatman filter membrane, as shown in
Fig. 8 (but without argon), and the preparation freezedried. In this situation the biological sample is limited in
size and is surrounded by a large area of membrane.
The X-ray emission spectrum from a region of Anabaena (Fig. 9a) at high vacuum shows clear peaks of
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Fig. 9. X-ray emission spectra from a sample of Anabaena at high vacuum and in an argon atmosphere.
XRMA spectra taken from a 1000 µm 2 area within the
discrete Anabaena sample (see Fig. 8) show a clear Ar
Ka peak in the argon atmosphere, with depressed peaks
of other elements.
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4 atmospheric levels - 1 torr, 3 torr, 4.2 torr and 5.5
torr.

P, Sand cations - Na, Mg, K. These spectra invariably
had a large peak of C and smaller peak of 0, with a
peak of N that was resolvable under appropriate process
conditions (process time 6). The spectrum from the filter
membrane typically had a small peak of C, large peak of
0, but none of the other peaks seen in the Anabaena
probe area.
Initial studies were carried out to determine changes
in the X-ray emission spectrum from the Anabaena
deposit with increase in atmospheric water vapour
pressure, as previously. These showed a substantial rise
in the oxygen signal, with significant falls in the P/B
ratio of other major elements - including C, P, Sand K.
In order to determine the source of the increased O
signal, the experiment was repeated using argon rather
than water vapour to provide chamber atmosphere (Fig.
8). P/B ratios (Fig. 10) showed a substantial and linear
rise in the level of argon from 1-5 torr, giving clear
evidence of direct atmospheric contribution to the X-ray
spectrum in this situation. Other elemental changes
included a marked rise in the level of oxygen, with
conspicuous falls in the P/B ratio of other major elements - C, S, P, Na and Mg. These decreases are

shown in Fig. 9b, where the spectrum from the Anabaena probe area at 5 torr shows a clear argon peak and
reduced levels of P, S, and cations (compare with Fig.
9a). In this experiment, the increased level of oxygen
can only have come from the specimen (not the atmosphere), and must represent an expansion of the probe
area due to skirting into the region of oxygen rich
membrane. Falls in the level of C and other major
elements can also partly be attributed to this skirting
effect, since these all occur at lower levels in the
membrane compared to the Anabaena probe area. Mean
continuum X-ray counts (under the C and O peaks) rose
from 18.9 x 1()3 at high vacuum to 25.6 x la3 (1 torr),
24.6 x la3 (2 torr), 22.6 x la3 (3 torr) and 16.9 x J(}3 (5
torr) in the presence of argon.

Continuous sample - wet and freeze-dried Anabaena
A dense culture of Anabaena was deposited over two
filter membranes, providing continuous samples for
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Table 1. Comparison of P/B ratios in freeze-dried and
wet Anabaena preparations

X-ray

Count
p

0

1000

(Al
1 torr

Mg

K

500

I
I

Carbon
Oxygen
Phosphorus
Magnesium
Potassium
Silicon
Sulphur
Chlorine
Sodium

Ca

0
p

Freeze-dried
preparation

Wet preparation

0.99±0.03
0.99±0.02
0.89±0.00
0.48±0.05
0.23±0.04
0.12±0.01
0.13 ±0.03
0.13±0.02
0.08±0.01

0.94±0.03
1.15 ±0.03"
0.59±0.03"
0.25 ±0.03"
0.14±0.04"
1.24±0.30"
0.15 ±0.04
ND
0.04±0.02"

P/B ratios are the mean(± SE) of 5 analyses carried out
over 500 µm 2 areas of the sample. ·-significant difference between freeze-dried and wet preparation in terms
of standard error of mean (SE).
X-ray

energy (keV)

and 2.1 respectively.
Table 1 gives comparative P/B ratios for freezedried cells at high vacuum and wet cells at 4.2 torr. Xray emission spectra from freeze-dried preparations
typically had clear peaks of all the elements listed in this
table. The relatively high value for O in this preparation
probably reflected an unusually high membrane contribution due to incomplete coverage with Anabaena cells.
The results show a significantly higher level of O in the
wet preparation, with a slight decrease in the level of C
and significantly lower levels of the major elements Mg,
P and K. Minor elements (Na, S, Si) were more variable.

Fig. 12. X-ray emission spectra from wet samples of
Anabaena at 1 torr and 5.5 torr. Spectra taken at 1 torr
and 5.5 torr atmospheres are qualitatively similar, but
show some quantitative differences - e.g., decrease in K
peak.
analysis. One preparation was freeze-dried, the other
examined and analysed directly in the wet state. The
electron probe was placed in the centre of the preparation, analysing an area of 20 x 25 µm. Changes in P/B
ratios for freeze-dried samples were determined at high
vacuum and Horr, while "wet" samples were analysed
at 1- 5.5 torr.
Elemental P/B ratios for the "wet" specimen from
1 - 5 .5 torr are shown in Fig. 11. The transition from 1
torr (partially dried specimen) to 4.2 torr (wet specimen)
showed little change in the levels of major elements. The
P/B ratio of oxygen showed a slight increase over this
atmospheric change, which was not significant in terms
of standard error of the mean. The fall in P/B ratios of
carbon (1.01 to 0.94), phosphorus (0.70 to 0.59) and
potassium (0.23 to 0.14) were all significant in terms of
standard error, but not Mg, S, Na or Si. The general
similarity in X-ray emission data over the range of
atmospheres used is shown in Fig.12, where two typical
spectra are compared at l and 5.5 torr.
Mean continuum X-ray counts (under C and O
peaks) increased with atmospheric pressure from 22.9 x
103 (1 torr) to 31.6 x la3 (3 torr), 36.3 x la3 (4.2 torr)
and 25.l x la3 (5.5 torr). These values are in line with
mean count rates (kilo counts per second) of 1.7, 1.9

Discussion
Results obtained from both non-biological and
biological specimens provide evidence for beam skirting
and X-ray contribution on introduction of an atmosphere
into the specimen chamber. The need to introduce water
vapour to maintain biological specimens in a wet state
will thus lead to both these effects, and will affect both
the qualitative and quantitative X-ray microanalytical
information obtained.

Qualitative data
X-ray emission spectra from the fresh film of
Anabaena showed that major elements were readily
detectable under wet conditions, and that qualitative
information was broadly similar to that obtained from
freeze-dried material. Peaks of some of the minor
elements, however, such as chlorine, sodium and
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sulphur were not routinely present.

The results obtained in this study suggest that useful
information can be obtained with ESEM X-ray microanalysis on the elemental composition of fresh biological
specimens, and that the quantitative results obtained are
significantly different from those with freeze-dried
material. Care must be taken, however, in the interpretation of data and in the selection of the main operational
parameters - atmospheric level, accelerating voltage and
analysis sample.

Quantitative information
Comparison of the wet Anabaena film with the
freeze-dried preparation showed an enhanced P/B ratio
of oxygen, with reduced P/B ratios of major elements.
Consideration of these two sets of data is complicated by
the fact that the two specimens are being compared at
different states (wet and dry) and under different atmospheric conditions (4.2 torr and high vacuum). These
two sets of factors cannot be readily resolved with
biological material, since analysis of fully hydrated
specimens is not possible at 4 ° C below about 4 torr (due
to specimen dehydration), while analysis of freeze-dried
specimens is not feasible at 4 torr (due to some degree
of specimen re-hydration).
The reduction in elemental P/B ratios from freezedried to wet preparation results partly from atmospheric
contribution to the X-ray count (with increased background or continuum) and partly from the effect of
water in the specimen reducing the elemental mass
concentrations within the specimen. Absorption of
specimen X-rays by the atmosphere may also be important.
The atmospheric depression of specimen elemental
P/B ratios by increase in the continuum is a major aspect
of the environmental scanning electron microscope. In
this situation, the atmospheric contribution is that of an
extraneous element. The increase in continuum was
clearly demonstrated with both water vapour and argon.
The depression of P/B ratios by water vapour was
relatively minimal, as seen by only a slight decrease in
the carbon P/B ratio in the carbon DAG preparation.
Argon, with a higher atomic mass than water, has a
more pronounced influence. Neither of these atmospheric situations compared to the effect of the Cu target seen
in the beam skirting experiments, where the presence of
a high atomic number extraneous signal caused a more
substantial depression in the P/B ratios of oxygen and
carbon.
Changes in continuum level with increases in
chamber atmosphere also provide preliminary information on X-ray absorption. Introduction of both water
vapour and argon (1 torr) cause a rise in continuum
level, due to the additional generation of X-rays from
gas molecules. Further increase in the level of water
vapour results in a continued increase in continuum,
upto 4torr - after which there is a fall in continuum due
to X-ray absorption. X-ray absorption would be expected
to be higher in the case of argon, which has a higher
atomic mass. This is indicated by the progressive
decrease in continuum level above a 1 torr Argon
atmosphere.

Atmospheric level.
The presence of water vapour in the specimen
chamber leads to direct X-ray contribution from oxygen
atoms (causing increased oxygen signal), an increase in
extraneous background (causing decreased P/B ratios of
other elements), X-ray absorption and skirting of the
electron beam. All of these effects can be reduced by
decreasing the vapour pressure, but ability to do this is
limited by the need to keep the specimen in a wet state.
Maintenance of the specimen at low temperature (2-4 °C)
allows a reduction in vapour pressure down to about 4
torr. Further reduction to 1 torr causes a marked
decrease in the skirting effect, a small reduction in
Oxygen signal and background contribution, but the
rapid onset of specimen dehydration. The level of water
vapour selected must thus be a compromise between
optimal conditions for X-ray microanalysis and optimal
conditions for specimen preservation.
Accelerating voltage
This should be as high as possible to minimise
atmospheric contribution and the beam skirting effect. In
practice this may be difficult with a monolayer of
material due to overpenetration into the support layer.
Analysis sample
Perhaps of greatest importance, the beam skirting
effects reported here may severely limit the type of
preparation that can be analysed. Under the experimental
conditions prevailing in this study, analysis of biological
specimens in a water vapour atmosphere is only valid
where the sample is spread over a wide area (where the
results obtained will be an average for the whole sample). At the present time, analysis of wet specimens
cannot therefore be directly applied to discrete samples,
or to discrete areas within a mixed sample. This current
limitation in specimen applicability may be overcome by
future developments in instrumentation and quantitation.
The effects of electron scatter in the gas atmosphere, for
example, might be reduced by rigorous collimation of
the detector. A long collimator with a small (10 mm2)
detector crystal could markedly reduce the area from
which X-rays are collected. The geometrical principles
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of collimator design have been discussed by Marshall
(1980). In terms of quantitation, it may be possible to
introduce correction factors to take into account direct
atmospheric X-ray contribution, depression of P/B ratios
and beam spread away from the primary probe area.
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Discussion with Reviewers
A.T. Marshall: Is there any advantage in attempting Xray microanalysis of hydrated samples in the ESEM over
X-ray microanalysis of frozen hydrated samples in a low
temperature SEM?
Authors: At the present time, the use of ESEM for Xray microanalysis of hydrated specimens should perhaps
best be regarded as simply another experimental approach to complement other techniques (such as low
temperature SEM). Potential advantages of ESEM over
low temperature SEM include: 1) elimination of freezing
artefacts which might result in artefactual changes to
specimen morphology or elemental composition, 2)
Absence of any requirement to surface-coat the specimen, 3) Ability to combine X-ray microanalysis with
examination of the specimen in a wet state. Coupled
with this is the ability to control the level of surface
water and general state of hydration, so the aqueous
state of the specimen can be experimentally altered and
more clearly defined and 4) Ability to carry out X-ray
microanalysis of biological specimens in a "normal"
metabolic state and to examine real-time changes in
elemental composition with changes in the living activity
of the specimen.
G.D. Danilatos: In the oligo-scattering regime, the
contribution of the gaseous phase in the ESEM to the
spectrum for a particular gaseous element should increase linearly with pressure. This is nearly the case
with argon in Fig. 10. Why is there such a strong
deviation from linearity for the "atmospheric" oxygen
contribution shown in Fig. 2 (as well as in the other
cases)?
Authors: The authors agree that the effects of introducing water vapour and argon in the specimen chamber are
different in terms of characteristic X-ray contribution,
with a non-linear increase in the case of the oxygen
signal (from water) but a linear increase with argon. The
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reason for the apparently anomalous behaviour of the
water vapour is not understood, but may reflect adsorption of water molecules onto the specimen surface at low
vapour pressures - leading to abnormally high oxygen
values under these conditions.

during the build-up of a contamination raster or finger
under the action of an electron beam, oxygen is almost
invariably found in the contamination product, presumably from adsorbed oxygen in the surrounding walls, or
from its existence as a component in the material under
irradiation, or in the gaseous environment. Whereas
contamination is an anathema in electron microscopy,
the same phenomenon is a blessing in microfabrication
processes. It is highly probable that the same phenomena
occur in ESEM (which could also be controlled to the
extent of controlling the gaseous environment). In this
case, the results obtained in this paper should be reappraised. Could you comment?
Authors: We have not specifically examined the effect
of either chamber or specimen contamination in this
study. The total X-ray emission count (expressed as kilo
count per second) remained relatively constant over the
100 s !ivetime, however, suggesting that overall contamination was minimal. As noted earlier, cycling the
chamber from high vacuum to vapour atmosphere (5
torr) and back to high vacuum in the non-biological
(DAG) specimen did not result in an increased oxygen
peak at high vacuum, suggesting that detectable oxygen
contamination did not occur.

G.M. Roomans: The high energy intersection point of
the spectrum with the X-axis is a measure of charging of
the specimen. Ideally, the intersection point should be
equal to the accelerating voltage, but charging causes a
drift to lower energies. It would be interesting to know
if you would be able to assess charging under different
atmospheric conditions using this method.
Authors: Examination of a large number of spectra
from different samples has shown that the intersection
point at 10 kV is routine! y in the range 9. 8-10. 0 ke V,
and at 20 kV - 19.6-19.7 keV. These intersection points
appear to be consistent for all spectra, irrespective of
atmospheric conditions. This suggests that, under the
conditions operating in these experiments, specimen
charging was minimal and was not influenced by the
presence of an atmosphere.
G.D. Danilatos: Were the measurements always made
with increasing or decreasing pressures? Have you
checked reproducibility of results? Have you cycled the
pressure, i.e. have you increased and decreased the
pressure between 0 and 5 torr and been able to reproduce the same curve for oxygen while scanning the same
raster over the same specimen area?
Authors: In some cases, the experimental data given in
the paper were derived by increasing pressure, in others
pressure was decreased. In both situations the specimen
was allowed to equilibrate until consistent spectra for the
new environmental situation were obtained. Similar
results to those quoted in this paper have been obtained
in parallel experiments, confirming reproducibility. We
have tested the effect of pressure cycling in the case of
the non-biological specimens. Returning the specimen to
a particular pressure results in a similar specimen to that
obtained previously.

B.L. Gupta: You have suggested that a marked suppression of native elemental peaks at 5 torr is due to beamskirting. This cannot be the only explanation because the
characteristic peaks are also suppressed in the "continuous sample" (Fig. 12). Could it not also be due to the
absorption of characteristic X-rays in the water vapour
atmosphere in the column?
Authors: In these experiments, suppression of native
(specimen) elemental peaks by atmospheric gas has been
shown to result from two major causes - 1) skirting of
the electron beam off the discrete specimen onto surrounding support membrane and 2) increased continuum
from extraneous elements in the water and argon atmospheres (and Cu target). In the "continuous" sample
relating to Figs. 11 and 12, the suppression of native
peaks (with the exception of K) is relatively minimal,
and was considered mainly due to atmosphericallyincreased continuum.
As the reviewer points out, however, absorption of
X-rays by water vapour molecules may be important in
reducing specimen elemental P/B ratios. As noted in the
paper, this effect does occur at higher atmospheric levels
(as inferred from fall-off in continuum) but was probably
not of major significance with the wet specimen.

G.D. Danilatos: The behaviour of oxygen in Fig. 5,
namely, at 20 keV and 200 microns distance from the
Cu target seems quite anomalous. Can you provide some
explanation?
Authors: The behaviour of oxygen in Fig. 5 at 20 keV,
200 µm target distance, was only anomalous at 0 torr the reason for which was not known. At 1 torr and 5
torr the oxygen signal for 200 µm was Jess than for 500
µm, as expected - due to the increased extraneous
background at this shorter target distance.
G.D. Danilatos: It has been found in the literature that

G.D.Danilatos: The skirting of beam is undoubtedly a
serious problem to spatial resolution of X-rays, and this,
hopefully, will be possible to calibrate out in the future.
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Some observations were quite correctly attributed to the
contribution by the skirt. However, to help the reader
carry out some further quantitative analysis of the results
reported, one needs to know the distance travelled by the
beam in the gaseous layer, not the distance from the
pole piece. Could you please provide this information?
Could you also explain how you define the "distance" of
the scanned raster from the Cu target?
Authors: In ESEM X-ray microanalytical mode, the
electron beam passed from high vacuum (10·5 torr)
through an
18.5 mm detector assembly (l0· 2 torr) followed by a
further 7.5 mm of specimen chamber atmosphere. The
distance of the scanned raster to the Cu target was the
horizontal distance (d) shown in Fig. 1.

B.L.Gupta: Why is the spectrum from the "continuous
sample" of Anabaena
(Fig. 12a) so different from the "discrete sample"? What
has happened to high Na and S peaks present in Fig. 9a?
Why is the potassium level so low? Are the "representative" spectra show in Fig. 12 consistent with the data in
Fig. 11?
Authors: Differences in the elemental composition of
Anabaena in Fig. 9a and Fig. 12a may be attributed to
the fact these spectra relate to two different experiments,
with samples taken from different growth cultures. The
elemental composition of this organism varies considerably in relation to chemical and physical growth conditions and phase of culture. The variations in Na, S and
K level noted between these spectra are part of this
variability, though it should be emphasised that a
substantial potassium peak is invariably present. The
spectra shown in Fig. 12 indicate that major elements
(with the exception of K) are readily detectable in the
continuous fresh sample at 5.5 torr, in line with the fact
that the P/B ratios of these elements are not greatly
suppressed by the increased atmospheric levels (Fig.11).
B.L.Gupta: Why is there no change in the Ca peak in
Fig. 12 under the two sets of conditions?
Authors: As with most of the other elements present,
Ca shows relatively little change in detectability in going
from 1 torr to 5.5 torr.
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